L iver transplantation is frequently followed by a wide variety of pulmonary complications that may cause significant morbidity and mortality. [1] [2] [3] Overall, the lung is the second most common site of infection after liver transplantation. 4 Bacterial and opportunistic pathogens are common causes, and a
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comprehensive diagnostic approach is required in order to direct antimicrobial treatment and to limit its potential toxicity. Moreover, infectious complications must be distinguished from noninfectious etiologies.
Although most patients can be extubated in the early postoperative period, some require prolonged mechanical ventilation. Moreover, in patients with pulmonary complications who develop respiratory failure, ventilatory support is required. This population of transplanted patients using mechanical ventilation is especially at risk for respiratory infections. Accordingly, patients requiring prolonged (Ͼ 200 h) mechanical ventilation after liver transplantation have been described to have an increase in mortality of up to 43%. 5, 6 Diagnostic techniques will, therefore, often need to be applied in the ICU under conditions of mechanical ventilation.
Bronchoscopy with BAL is the primary diagnostic approach in the evaluation of pulmonary disease after solid organ transplantation. 7 However, unlike in renal transplant patients, 8 -10 the diagnostic results of different diagnostic techniques to retrieve lower respiratory tract secretion samples have only rarely been systematically evaluated in the population of liver transplant recipients. 11, 12 This is especially true for bacterial infections, as most reports did not include quantitative cultures. As a result, precise information in the literature about microbial patterns of pneumonia after liver transplantation is scarce.
Therefore, the aim of the current study was threefold: (1) to establish the etiology and microbial patterns of pulmonary complications in a large population of liver transplant patients (including patients receiving mechanical ventilation) in all periods after transplantation; (2) to evaluate a bronchoscopic diagnostic approach including a comprehensive microbiologic workup of distal airway secretions retrieved by protected specimen brush (PSB) and BAL; and (3) to elaborate the impact of diagnostic results on antimicrobial treatment decisions.
Materials and Methods

Patient Selection
We prospectively studied all consecutive, nonselected patients admitted to the Hospital Clinic of Barcelona with episodes of pulmonary infiltrates after orthotopic liver transplantation during a 54-month period. After giving written informed consent for the bronchoscopic procedure, the patients were investigated by fiberoptic bronchoscopy, including a PSB and BAL.
Prophylaxis Regimen
Perioperative prophylaxis consisted of cefotaxime/ampicillin and ciprofloxacin/vancomycin or teicoplanin. Selective intestinal decontamination was applied using norfloxacin and nystatin. No oropharyngeal decontamination was applied in patients receiving ventilation. During the study period, no prophylaxis against cytomegalovirus (CMV) or Pneumocystis carinii was administered. At diagnosis of pulmonary infiltrates, all patients were severely immunosuppressed. Immunosuppression regularly consisted of a triple regimen including corticosteroids, cyclosporine, and azathioprine, the latter being administered only during the first postoperative month. Details about doses and management of graft rejection are given elsewhere. 13 
Study Protocol
Microbiologic workup was performed as previously described. 14 In short, fiberoptic bronchoscopy was performed transnasally after oral nebulization with lidocaine and subcutaneous application of atropine in patients receiving ventilation. Patients receiving ventilation were sedated with 15 mg midazolam or 50 mg propofol administered IV. Suction through the inner channel of the bronchoscope prior to the collection of respiratory secretions was avoided in all procedures. The PSB was used as described by Wimberley and coworkers. 15 BAL sampling was carried out by instilling three aliquots of 50 mL of nonbacteriostatic saline solution in the middle lobe or the lingula in those patients with diffuse infiltrates, or in the appropriate lobe when the radiographically involved area was localized. The first aspirated portion was discarded.
Serially diluted and undiluted PSB specimens and half of the pooled BAL fluid (BALF) were cultured for aerobic and anaerobic bacterial pathogens and fungi on blood-sheep agar, CDC agar, chocolate agar, and Sabouraud's agar. Qualitative cultures of charcoal-yeast extract and Lö wenstein-Jensen culture media were prepared for Legionella and mycobacteria. All cultures were incubated at 37°C in aerobic and anaerobic conditions and in a CO 2 -enriched atmosphere. Negative bacterial cultures were discarded after 3 days (Legionella media after 10 days, mycobacterial after 6 weeks), and negative fungal cultures after 4 weeks. Positive bacterial cultures were evaluated to provide cfu/mL counts, and identification and susceptibility tests were performed according to standard methods. 16 Smears obtained by cytocentrifuge preparation of the other half of the pooled BALF were examined using the Papanicolaou's, May-Grü nwald-Giemsa, periodic acid-Schiff, hematoxylin-eosin, Perls', and Grocott-Gomori stains, and examined for cytologic evidence of viral inclusion bodies and fungal and parasitic infections, as well as for the detection of siderophages and malignant cells.
In patients who died, a necropsy was performed after obtaining informed consent from the next of kin.
Diagnostic Criteria
The diagnosis of pneumonia was based on pulmonary infiltrates together with clinical symptoms suggestive of lower respiratory tract infection, the identification of an etiologic microbial agent, and the absence of an alternative diagnosis during followup. Additional confirmative criteria were the response to adequate antimicrobial treatment or results of necropsies demonstrating the presence of pneumonia. Episodes that fulfilled the clinical and additional confirmative criteria for pneumonia but in which no microbial etiology was established were classified as probable pneumonia. The absence of pneumonia was diagnosed in those patients who had obvious alternative diagnoses during follow-up and did not require further antimicrobial treatment for resolution of pulmonary infiltrates. Cases that could not be classified into one of these categories were classified as "undetermined."
The criteria for an etiologic microbial diagnosis were as follows: bacterial pathogens yielding Ն 10 3 cfu/mL in cultures of PSB and Ն 10 4 cfu/mL in cultures of BALF were considered to be etiologic agents of pneumonia. Any growth of facultative pathogenic bacteria such as Streptococcus viridans and coagulasenegative Staphylococcus was generally not considered to be relevant. Isolates of Candida sp were only considered relevant when a positive blood culture or histologic evidence for Candida pneumonia was present. The identification of Legionella sp, mycobacteria or Aspergillus sp was accepted as diagnostic regardless of colony counts. Pneumonia caused by CMV was diagnosed by demonstration of viral inclusion bodies in cytocentrifuged smears. The presence of P carinii in the Grocott-Gomori stain was considered diagnostic.
Pulmonary edema was diagnosed when the radiograph cleared with vasopressor and diuretic regimens within 48 h. An excess of hemosiderin-laden macrophages recovered in BALF indicated pulmonary hemorrhage. 17 Atelectasis was diagnosed when infiltrates responded to physiotherapy and bronchoscopic bronchial toilet. Hypersensitivity pneumonitis was assumed when pulmonary infiltrates were associated with a specific drug and resolved after withdrawal of the drug and treatment with corticosteroids.
Etiologies of pneumonia were grouped in a timetable (period 1, 1 to 28 days after transplantation; period 2, 29 to 180 days after transplantation; period 3, Ͼ 180 days after transplantation), as suggested by Rubin. 18 
Statistics
For comparison of categorical variables, the 2 test (or Fisher's Exact Test, where appropriate) was used. An ␣ error of Ͻ 5% was considered significant. In order to compare the diagnostic yield of PSB and BALF for bacterial pathogens, and to correct for agreements accounted for by chance, the coefficient was determined.
Results
Overall, 60 episodes in 50 patients (27 male and 23 female patients; mean age, 47 Ϯ 20 years; range, 12 to 63 years) were included. Of these, 40 had undergone orthotopic liver transplantation because of terminal cirrhosis (8 alcoholic, 19 posthepatitis, 5 primary biliary, 8 cryptogenic), 7 because of fulminant hepatitis (5 viral, 2 toxic), and the remaining 3 for miscellaneous liver diseases.
Of the 50 patients studied, diagnostic evaluation was carried out once in 43 patients, twice in 4 patients, and three times in the remaining 3. In all 60 episodes, antimicrobial therapy prior to bronchoscopy was administered for any reason and for Ն 48 h.
Considering the timetable of infectious complications in liver transplantation as suggested by Rubin, 18 31 episodes occurred during the first 4 weeks after transplantation (period 1, 51%), 22 between the second and sixth months after transplantation (period 2, 37%), and 7 Ͼ 6 months after transplantation (period 3, 12%). Thirty-three episodes (55%) occurred in patients who had received mechanical ventilation for a mean of 12.7 Ϯ 12.5 days before the diagnostic procedure (range, 1 to 46 days), including 20 episodes with Ͻ 10 days of ventilation and 13 with Ն 10 days.
Final Diagnoses of Pulmonary Infiltrates
According to the defined criteria, pneumonia was present in 29 episodes (48%), probable pneumonia in 18 (30%), and absence of pneumonia or presence of an alternative diagnosis in 10 (17%); the diagnosis in 3 episodes remained undetermined (5%).
Microbiologic Results
The results of microbiologic investigations are summarized in Table 1 . Overall, opportunistic infections were the most frequent etiology of pneumonia and accounted for 15 of 29 episodes (52%); including another case with a mixed opportunistic/bacterial infection, opportunistic infections accounted for 16 episodes (55%). Among 17 pathogens, CMV was the most frequently involved, being demonstrated in eight episodes (47%). P carinii was also a common etiology (n ϭ 6, 35%). Fungal pathogens were relatively infrequently observed, and fungal infections were always caused by Aspergillus sp (n ϭ 3, 19%). Although Candida sp were isolated in two episodes, its etiologic role was inconclusive; therefore, the culture results were not regarded as significant. Bacterial infections alone accounted for 13 of 29 episodes (45%); adding another case of a mixed infection with opportunistic pathogens, 14 of 29 episodes (48%) had a bacterial etiology. Of 14 bacterial pathogens identified (excluding one case with Legionella sp), 13 were Gram-negative (93%). Pseudomonas aeruginosa was the single most frequent bacterial pathogen, accounting for 8 of the 13 Gram-negative bacterial pathogens (62%).
Mixed infections were found in three episodes (10%). These included one episode with exclusively Gram-negative bacterial infections caused by P aeruginosa and Stenotrophomonas maltophilia, one with exclusively opportunistic pathogens (CMV and Aspergillus flavus), and one caused by a mixed viral/Gram-negative bacterial infection (CMV and Escherichia coli).
Necropsy was performed in 15 out of 16 patients who died, including 10 with definite pneumonia, 4 with probable pneumonia, and 1 without pneumonia. Only four deaths occurred Ͻ 10 days after diagnostic evaluation. Of these, one case with pulmonary aspergillosis and one case with atelectasis (due to acute hemorrhage) were confirmed. One fungal etiology (Rhizopus sp) was missed, and another diagnosis of Aspergillus pneumonia could not be confirmed postmortem after 8 days of treatment. Among necropsies performed Ն 10 days after diagnostic evaluation, one case with CMV and two cases with probable pneumonia were confirmed. Two patients with P carinii pneumonia were definitely cured but died of another complication. A third patient who clearly died from P carinii pneumonia had a pattern compatible with P carinii pneumoniaassociated ARDS. The remaining five cases yielded discordant results; however, the significant time lapse between diagnostic evaluation and necropsy (11, 15, 19, 28 , and 38 days) precluded a firm clinical-pathologic correlation ( Table 2) .
Taking the results of the diagnostic evaluation and necropsy together, the number of pathogens found increased from 32 to 39. These included CMV (n ϭ 3), Aspergillus sp (n ϭ 2), Rhizopus sp (n ϭ 1), and methicillin-resistant Staphylococcus aureus (MRSA; n ϭ 1). Thus, the total number of opportunistic pathogens was 23 and the number of bacterial pathogens was 16.
Noninfectious Etiologies
Other diagnoses in 10 episodes included pulmonary edema in 3 cases, pulmonary hemorrhage in 2, atelectasis in 4, and hypersensitivity pneumonitis in 1. The cause remained undetermined in three episodes. 
Timetable of Microbial Etiologies
The etiologies diagnosed before the patient's death and their relation to the time since transplant and to the presence of mechanical ventilation are given in Table 3 . The majority of bacterial pneumonia episodes (10/14, 71%) occurred during period 1 (1 to 28 days posttransplant), and no bacterial infection was observed in period 3 (Ͼ 180 days posttransplant). Conversely, most opportunistic pneumonia episodes (10/17, 59%) were observed in period 2 (29 to 180 days posttransplant) and, to a lesser extent, in period 3 (4/17, 24%). Fungal infections were present in periods 1 and 3. P carinii was found only in periods 2 and 3.
The majority of bacterial infections, excluding legionellosis, were diagnosed in patients receiving mechanical ventilation (12/14, 86%), as were 100% of bacterial infections in period 1 and 100% of P aeruginosa infections.
The additional seven pathogens identified at necropsy corresponded to period 1 in four cases, period 2 in seven, and period 3 in four. All three cases with CMV corresponded to period 2, episodes caused by fungal pathogens to periods 1 and 2, and the only bacterial pathogen to period 3 (Table 3) .
Radiographic Patterns
Pulmonary infiltrates were unilateral and focal in 21 episodes (35%), unilateral and diffuse in 1 episode (2%), bilateral and focal in 17 (28%), and bilateral and diffuse in 21 (35%).
For the analysis of the association of radiographic patterns with etiologies, two cases with a mixed bacterial and opportunistic etiology were excluded (n ϭ 27). Pulmonary infiltrates were unilateral or bilateral in 10 of 12 definite bacterial pneumonia episodes (83%) and in 7 of 15 opportunistic pneumonia episodes (47%; 3 CMV, 1 P carinii, 2 fungal, 1 mixed CMV/fungal), whereas a diffuse bilateral pattern was present in 2 of 12 bacterial pneumonia episodes (17%) and in 8 of 15 opportunistic pneumonia episodes (53%; 3 CMV, 5 P carinii; p Ͻ 0.05).
Diagnostic Results of PSB and BALF
The diagnostic results of PSB and BALF are given in Table 4 . PSB and BALF had comparable results with regard to bacterial pathogens, but both methods missed significant bacterial pathogens (pathogens identified with PSB, but not in BALF: P aeruginosa twice and Legionella pneumophila once; pathogens identified in BALF, but not with PSB: E coli, mixed P aeruginosa/S maltophilia infection, and P aeruginosa). The concordance rate between both techniques showed a coefficient of 0.52 (p ϭ 0.004). As expected, the most important independent contribution of BALF was the diagnosis of opportunistic infections, namely CMV, P carinii, and Aspergillus sp. However, both methods missed one infection caused by Rhizopus sp.
Treatment Modifications Based on Diagnostic Results
The results obtained by both techniques directed changes in antimicrobial treatment in 21 episodes (35%). These changes included the introduction of ganciclovir in three CMV episodes, cotrimoxazole in Table 3 six P carinii episodes, and amphotericin B in two Aspergillus fumigatus cases. Moreover, adjustment of antibacterial treatment was necessary in eight patients (13%) because the isolated pathogens were not adequately covered by empirical regimen (n ϭ 2, P aeruginosa) or because of bacterial resistance. The following resistance patterns were observed: E coli resistant to ciprofloxacin (n ϭ 1), Enterobacter cloacae resistant to cefotaxime (n ϭ 1), S maltophilia resistant to imipenem (n ϭ 1), and P aeruginosa resistant to imipenem (n ϭ 3). In two episodes, antibacterial treatment was withdrawn because of the demonstration of CMV.
Outcome
The overall mortality was 16 of 50 patients (32%). For pneumonia episodes, the mortality was 16 of 60 (27%). The mortality rate was 12 of 29 (41%) for episodes with definite pneumonia, 3 of 18 (17%) for probable pneumonia, and 1 of 13 (7%) for noninfectious etiologies (p Ͻ 0.05). Crude and attributable mortality was highest in fungal pneumonia (6/6, 100%) and bacterial pneumonia (5/13, 39%). For CMV pneumonia, mortality was seemingly lower for cases diagnosed before death (2/8, 25%), but reached 46% (5/11) when postmortem results were included. Crude mortality due to P carinii pneumonia was 3 of 6 (50%), but death was attributable to P carinii in only 1 of 6 cases (17%).
Mortality was higher for episodes of pneumonia that occurred during mechanical ventilation (10/33, 30%) than for patients not receiving ventilation (6/27, 22%), but this difference did not reach statistical significance. Mortality in patients with definite pneumonia was not significantly affected by treatment changes made because of diagnostic findings (8/21, or 38%, in cases with treatment changes vs 4/8, or 50%, in cases without changes).
Discussion
There are five main findings of this study: (1) the etiology of pulmonary infiltrates in patients after orthotopic liver transplantation could be definitely assessed in 39 of 60 episodes (65%), and 29 of 39 (74%) corresponded to infectious pneumonia; (2) the main infectious etiologies included opportunistic agents in 59% and bacterial agents (virtually exclusively Gram-negative) in 52%; (3) considering the relationship between etiologies and the time elapsed after liver transplantation, bacterial infections related to mechanical ventilation predominated in period 1 (days 1 to 28 posttransplant), whereas opportunistic infections predominated in period 2 (days 29 to 180); (4) PSB and BALF had a moderate concordance rate with regard to bacterial infections, and the combination of both techniques revealed additional information vs BALF alone; (5) PSB and BALF results induced the clinician to modify antimicrobial treatment in 35% of episodes.
To our knowledge, this is the largest consecutive series of liver transplant patients with pulmonary infiltrates systematically studied. Moreover, 55% of the episodes studied occurred in patients receiving mechanical ventilation, offering important insights into the association between the timetable of infections after transplantation and the presence of mechanical ventilation.
Among the wide range of potential pulmonary complications after transplantation, infectious pneumonia is the most important one, and it represents the principal source of morbidity and mortality from pulmonary disease in liver transplantation patients. 2, 4, 11, 19 Accordingly, definite or probable pneumonia was the most frequent cause of pulmonary infiltrates in our population, accounting for 47 of 60 of all episodes (78%). The failure to identify pathogens in 18 episodes with probable pneumonia may be due to antimicrobial pretreatment. The remaining cases (17%) were not considered to be infectious pneumonia, instead representing pulmonary edema, pulmonary hemorrhage, atelectasis, and hypersensitivity pneumonitis. This rate appears considerably lower than the rate reported by others, reaching 50 to 64% of cases. 1, 5 This may also be due in part to the fact that noninfectious infiltrates were not evaluated by a standardized approach, leading to an underestimation of noninfectious infiltrates. Moreover, generally standardized diagnostic criteria are not available for all noninfectious conditions, and particularly the exclusive use of hemosiderin-laden macrophages for the diagnosis of pulmonary hemorrhage may be questioned. The incidence of noninfectious pulmonary complications may also be considerably determined by the presence of comorbidities, especially with regard to cardiac and pulmonary illnesses.
The etiologic spectrum of pathogens was broad, including opportunistic as well as bacterial agents. Within the opportunistic infections group, CMV was primarily involved, but P carinii was also a frequent etiology. CMV has been found to be the most prevalent infectious agent, occurring in up to 50% of patients. 20 Although CMV pneumonia is the least common manifestation of CMV infection in liver transplant recipients, it has been found to have an incidence of 9 to 30%. 21, 22 P carinii has been reported to occur in 3 to 10% of liver transplants 19, 23 in the absence of prophylaxis. Fungal infections, mainly Aspergillus sp, were involved in four cases. Although liver transplant patients are at high risk for Candida infections, 24 pneumonia caused by Candida was not observed. Finally, it is noteworthy that not a single case of mycobacterial disease was detected, confirming the low incidence of these infections in liver transplant patients. 19 Gram-negative bacteria, particularly P aeruginosa, clearly were the leading pathogens among bacterial infections. Gram-negative agents including P aeruginosa were also present in two of three infections of polymicrobial origin. The analysis of microbiologic findings with regard to the timetable after transplantation, as suggested by Rubin, 18 and the presence or absence of mechanical ventilation revealed important insights. The majority of bacterial infections were observed in period 1 (1 to 28 days after transplantation). This finding corroborates those of earlier reports. 25, 26 The majority of the bacterial pneumonia episodes in our series were found in patients receiving mechanical ventilation. Moreover, all isolates of P aeruginosa were found in patients receiving mechanical ventilation. Thus, bacterial infections mostly corresponded to nosocomial (again, mostly ventilator-associated) pneumonia with high-risk etiologies because of prolonged ICU treatment as well as immunosupression with corticosteroids. 27 The rate of Gram-negative bacterial pneumonia was much lower in a prior publication, in which the mean time of mechanical ventilation was only 3.2 Ϯ 6.1 days, 28 considerably shorter than in our series. These observations clearly suggest that in order to prevent nosocomial Gramnegative bacterial pneumonia, patients should be extubated as soon as possible after surgery for liver transplantation. This policy has been adopted in our institution based on the present results. However, if early extubation is not possible, oropharyngeal decontamination with an antipseudomonal combination including polymyxin E and tobramycin may be indicated. 29 Conversely, most opportunistic infections were observed in period 2 (29 to 180 days after transplantation), with a considerable amount of additional cases seen in period 3 (Ͼ 180 days after transplantation). Most obviously, the majority of opportunistic infections developed during the time of severe T-cell immunodepletion and in patients with intensified long-term or periodically augmented immunosuppressive therapy, and the presence of mechanical ventilation mainly reflected the severity of pneumonia.
Only fungal infections did not show a clear timedependent distribution pattern. The relative predominance in period 1 may primarily reflect neutropenia.
Given the diversity of potential underlying pathogens, possible resistance to antimicrobial treatment, and the potential of severe adverse reactions in some antimicrobial regimens, it seems particularly important to establish the etiology of pneumonia episodes. Using an invasive bronchoscopic diagnostic approach in our series, positive microbiologic results were obtained in 29 of 47 pneumonia episodes (62%). This is a remarkable yield because all patients had received extensive antimicrobial treatment prior to bronchoscopic evaluation. Apparently, exact diagnostic performances could not be established in the absence of a reliable independent reference test. In particular, necropsy findings must be interpreted with great caution because the significant time lapse between diagnostic evaluation and necropsy in these critically ill patients precluded firm correlations in the majority of cases. However, at least one episode of pneumonia caused by Rhizopus sp could not be detected before the patient's death. Moreover, taking into account the experience in the diagnosis of ventilator-associated pneumonia in the nonimmunosuppressed host, false-positive results cannot be excluded definitely, especially in the diagnosis of bacterial pneumonia. 30 BAL was established early on as a technique for the diagnosis of pulmonary infiltrates in the immunosuppressed host, particularly for the most important opportunistic infectious agents, such as P carinii and CMV. 31, 32 Accordingly, in the present study, most episodes with opportunistic pathogens were diagnosed by BALF. The additional application of PSB in our study demonstrated a reasonable concordance rate of both techniques for bacterial infections. However, for diagnosis of bacterial pneumonias, which are frequent during period 1, quantitative cultures of endotracheal aspirates are reasonably sensitive and specific. 33 During period 1, if quantitative cultures of endotracheal aspirates are negative but pneumonia is suspected, it is appropiate to use invasive procedures. However, in periods 2 and 3, invasive procedures remain the preferred investigational techniques. In accordance with prior experiences from our group, 34 our data indicate that it may be prudent to perform two invasive techniques (BAL plus PSB) in parallel to ensure an optimal diagnostic yield.
Changes in antibacterial treatment based on diag-nostic results were made in 13% of episodes. The most significant contribution of bacteriologic investigations was the isolation of six pathogens resistant to empirical antibacterial therapy, including three cases of P aeruginosa resistant to imipenem. In all cases, the results of bacterial cultures allowed us to adjust antibiotic treatment. Particularly in the three cases of imipenem-resistant P aeruginosa, the initial treatment with imipenem was changed to ciprofloxacin in two cases and ceftazidime in one. The contribution of microbiologic evaluation to the diagnosis of noninfectious pulmonary complications also must be appreciated. Nevertheless, mortality was not affected by the results of diagnostic evaluation. The radiographic patterns of bacterial pneumonia observed in this study were different from those of opportunistic pneumonia. While bacterial pneumonia was frequently associated with a unilateral or bilateral focal pattern of infiltrates, opportunistic pneumonia episodes had no predominant pattern. Pneumonia caused by P carinii was most closely associated with a bilateral diffuse pattern. A comparable distribution of radiographic patterns has been reported in AIDS patients. 35 These findings may contribute to decisions about empirical antimicrobial treatment in cases in which the diagnostic evaluation must be deferred.
The mortality rate was 27%, and the outcome of pneumonia episodes was considerably worse than that of noninfectious etiologies. Fungal, bacterial, and CMV pneumonia were associated with the highest mortality rates. These observations are in accordance with previous reports 1, 12 and demonstrate the necessity for effective prophylactic regimens in patients at high risk.
A possible limitation of our study is that our findings may not be fully pertinent to other transplantation programs, which may employ different prophylaxis regimens. These may result in different microbial patterns and, therefore, different diagnostic yields. Nevertheless, the present results provide insights into the yields of our diagnostic approach, and this remains important information in other settings. Antimicrobial pretreatment prior to bronchoscopy is likely to occur in most patients, and clearly represents a principal limitation in the diagnosis of bacterial pulmonary infections.
In conclusion, infectious pneumonia was the most frequent cause of pulmonary infiltrates in patients after liver transplantation. The microbial patterns mainly corresponded to nosocomial bacterial pneumonia caused by high-risk pathogens in period 1 after transplantation, and to opportunistic infections in period 2 and, to a lesser extent, period 3. Both PSB and BALF were valuable tools in the evaluation of pulmonary infiltrates in this patient population, and these diagnostic techniques probably should be carried out together. A comprehensive diagnostic evaluation using PSB and BAL and including quantitative cultures for bacterial infections helps to guide specific antimicrobial therapy.
